THINGS 


of science 





THE SENSE 


OF SMELL 


Created and distributed without profit by Science 
Service, Inc., 1719 N Street, N.W., Washington, 
D. C. 20036. E. G. Sherburne, Jr., Director. Ruby 
Yoshioka, Editor. 


Copyright © 1971 by Science Service, Inc. 


THE SENSE OF SMELL 


Wherever we go and in whatever we 
do, we are using our noses, not only to 
breathe, but to smell, although we may 
not realize we are doing so. In the morn- 
ing we welcome the aroma of bacon and 
eggs; outside we enjoy the fragrances 
from the garden, the smell of rain or 
turn away from the odor of noxious fumes 
from passing cars. All through the day 
we are in some way using our sense of 
smell consciously or subconsciously. 

Although the sense of smell plays an 
active role in our lives, we take it for 
granted and because it is not as essential 
for our general well being as are seeing 
and hearing, its study has been the most 
neglected of our five senses of vision, taste, 
hearing, touch and smell. 

We still do not know how we detect 
odors, why one substance smells differently 
from another, nor how the odor stimulus 
activates the olfactory nerves and is de- 
ciphered in the brain, in spite of the many 
theories that have been proposed through 
the years. 

Interest in the science of olfaction or 
osmics has been revived during the past 
decade as scientists have become more 
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aware of the impact odor has on our daily 
living. The study of osmics is very com- 
plex, involving various fields of science 
including physiology, chemistry and psy- 
chology. 

With the materials in this unit, we shall 
investigate the sense of smell and how 
we react to odorous stimulants. 

First examine your specimens. 


ALUMINUM FOIL 
FIVE CARDS WITH DIFFERENT 
SCENTS: 


YELLOW 
BROWN 
LAVENDER 
GREEN 
GRAY 


The colored cards were especially pre- 
pared for this unit by the National Cash 
Register Company, Dayton, Ohio. They 
contain microscopic particles of different 
scents encapsulated by the technique 
known as microencapsulation. Tiny drop- 
lets of the chemicals composing the scents 
were coated with a continuous film of a 
polymeric material. The thin coating over 
the particles may be considered as a special 
form of packaging that keeps each indi- 
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vidual droplet separate from each other 
and protected from the environment. The 
fine film coating the scent is easily broken 
to release the enclosed fragrance. Handle 
the cards carefully so you will not break 
the capsules accidentally. 


THE OLFACTORY SYSTEM 


Next to sight, our most acute sense is 
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that of smell. Although, unlike the highly 
developed olfactory system of animals, the 
organ for smell in humans is rudimentary, 
it is remarkably sensitive. 

The olfactory organ, a yellowish patch 
of tissue about one-inch square, is situated 
far back in the nose or nasal cavity at the 
base of the skull just above the superior 
concha, one of the three turbinate bones 
or conchae that protrude from the inner 
walls on each side of the nose (Fig. 1). 
The nasal cavity itself is divided into two 
independent smaller cavities by an inner 
wall called the septum. 

The tissue of the olfactory organ is com- 
posed of thousands of densely packed 
elongated receptor cells and larger support- 
ing cells. Hair-like filaments (cilia) extend 
from the free end of the olfactory cells 
and short tiny finger-like processes (micro- 
vill1) project from the supporting cells. 
The two types of cells are closely related 
in their functions and provide an enor- 
mous surface area with their cilia and 
microvilli for receiving odorant particles. 
The nerve fibers from these cells pass di- 
rectly through the perforated cribiform 
plate on which the olfactory organ rests 
into the olfactory bulb, the part of the 
brain devoted to the sense of smell. Inter- 
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spersed among the cells are the pigment 
cells that provide the distinct yellow color 
to the tissue. The surface of the olfactory 
organ is kept constantly moist by mucus 
fluid secreted by nearby cells in the nasal 
mucosa. 

In addition to the true olfactory recep- 
tors, free ends of the trigeminal nerve (the 
fifth cranial nerve) are also located in the 
nose and play a part in olfaction. 

Our olfactory sense, in spite of the fact 
that it is not highly developed, is a very 
sensitive instrument. The average person 
can distinguish some 5,000 different odors 
and a trained person 10,000 or more. The 
sense of smell has been estimated to be 
about 10,000 times as sensitive as that of 
taste. 

Experiment 1. Scratch the corner of 
the colored surface of each of your cards 
with your fingernail and then sniff it. 
Identify the odor and indicate the frag- 
rance opposite the color in the list in your 
booklet. After you have finished identify- 
ing them, turn to the back of this booklet 
where the names of the scents are given. 
Did you name them correctly? 

Ask several of your friends to identify 
the scents. 

Smell sensations are highly specific and 
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you will find that most of your friends 
will have no difficulty distinguishing vari- 
ous odors. 

Do you find anyone among them who 
cannot smell at all? The inability to detect 
odors is referred to as anosmia. 

If a person can distinguish some odors 
and not others, he is partially anosmic. 

In general anosmia, the olfactory nerve 
does not function and a person has no 
true sense of smell. If anosmia is com- 
plete, the loss in sensation includes the 
trigeminal nerve. 

A person may also be anosmic if the 
muscles of his nose cannot contract to 
narrow the nasal passage for sniffing, thus 
preventing the air carrying the odorant 
particles from reaching the olfactory area. 

Experiment 2. Ask several persons to 
smell one of your scent cards. Notice that 
they invariably sniff. This is an instinctive 
reaction to draw the air up into the nose 
as deeply as possible so that the odor will 
reach the olfactory organ, the most distant 
spot from the nostrils. Forceful inhaling 
also increases the volume of air entering 
the area and with it a greater number of 
odorant particles. In order to smell a sub- 
stance well, one must sniff. 

During normal breathing, most of the 
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air inspired does not go beyond the median 
concha. However, because of the structure 
of the turbinate bones, small eddies and 
currents are created and some air enters 
the olfactory region. Therefore, while we 
are sitting quietly, we may become aware 
of the odor of cooking food or the scent of 
flowers in a garden without actively in- 
haling, if the odorant is concentrated 
enough. 

Experiment 3. Smell the lilac card. 
The reaction is purely olfactory. Now 
sniff some vinegar. Do you notice a slightly 
irritating sensation as well as the odor of 
vinegar? Both the olfactory and trigeminal 
receptors were stimulated. The trigeminal 
nerve is sensitive to irritating vapors and 
produces a reflex action, such as sneezing, 
coughing or watering of the eyes. 

Can you think of other substances that 
stimulate both the olfactory and trigeminal 
nerves? 

Experiment 4. We each have two ol- 
factory organs, one on each side of the 
nose. The two are anatomically distinct, 
completely separated by the nasal septum. 

To show this is so, close one nostril and 
smell the lemon scent. Now do the same 
with the other nostril. Can you smell 
equally well with both? 
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Experiment 5. The sense of smell is 
closely interrelated with that of taste as 
many experiments have shown. 

Ask a friend to taste grated onion and 
then grated apple while he is blindfolded 
and his nose is pinched to prevent any air 
from entering his nasal passage. Can he 
distinguish which is which? Without the 
aid of his olfactory organ the two sub- 
stances taste the same. 

Now ask him to repeat the experiment 
with the onion. But this time after the 
food is in his mouth tell him to exhale 
through his nose immediately without in- 
haling first. Can he taste the onion now? 

We also smell substances when we ex- 
hale. The air we breathe out as we chew 
our food carries odorants to the olfactory 
organ, thus enhancing the flavor. 

Experiment 6. Sniff the lemon scent, 
noting its strong fragrance. Now bring the 
scent close to your nose, but this time hold 
your breath. Can you smell the fragrance 
when you are not breathing? We can per- 
ceive an odor only when air carrying the 
odorous particles is moving through our 
noses. 

Experiment 7. Sniff the lemon scent 
again and then hold your breath immedi- 
ately. Does the smell persist or disappear? 
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The olfactory sensation stops when we 
stop snifing. Reaction to an olfactory 
stimulus is momentary and not continuous 
as it is with the other senses. To continue 
the enjoyment of a fragrance you must 
provide a fresh supply of odorant mole- 
cules repeatedly. 

What happens to the particles after they 
stimulate the olfactory receptors that 
makes the odor disappear so quickly is not 
known. Some believe that the odorants 
dissolve and diffuse in the tissue under the 
mucus. 

Others attribute the transitory nature 
of odor to rapid nerve fatigue. 


WHAT IS ODOR? 


Odor is defined as the property of a 
substance which excites the sense of smell 
and the properties of a substance related 
to smell are called its osmic properties. 

From your experiments, you have ob- 
served that odorant particles must enter 
the nose and come in contact with the 
olfactory receptors to be smelled. Thus an 
odorous material must be airborne, and 
to be airborne it must be volatile or be 
able to change into a vapor state. In other 
words, it must have vapor pressure. 

Experiment 8. Smell the strip of alu- 
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minum foil in your unit. Does it have an 
odor? 

Substances with extremely low vapor 
pressure, such as salts, glass, some metals 
and stone are odorless. Can you smell table 
salt or glass? 

Usually the higher the vapor pressure 
the more odor an odorivector (odor-pro- 
ducing substance) emanates. However, 
volatility alone is not enough to produce 
a scent. A substance must go into solution 
in the mucus and penetrate the cell mem- 
brane to stimulate the receptors, so it must 
also be water and lipid (fat) soluble. 

It has long been known that the sense 
of smell is a chemical sense, but scientists 
still do not know exactly why a certain 
chemical has a particular odor nor how 
the nature of the chemical is relayed to 
the brain. Very similar chemical com- 
pounds may have completely different 
odors and chemically different substances 
similar odors. 

Most odorivectors are organic com- 
pounds or carbon-containing compounds. 
Unpleasant odors all have either sulfur or 
nitrogen or both in their chemical make- 
up. 

Many attempts have been made to ex- 
plain odor experiences. Some scientists be- 
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lieve that the shape of the molecules of 
the odorivector is the determining factor 
in causing a given odor response. This 
theory is referred to as the stereochemical 
theory. According to this theory, molecules 
of similar configuration fit into sites of a 
certain shape on the olfactory receptors 
and produce like odor sensations. The 
theory suggests seven basic or primary 
odor groups into which all odor sensations 
can be divided: camphoraceous, musky, 
floral, pepperminty, ethereal, pungent and 
putrid. Others in the field would add two 
more, resinous and spicy, to make nine 
classes. Some state there must be at least 
30 or more such groups. 

Among the various theories are those 
that connect the way in which the mole- 
cules vibrate with odor discrimination or 
relate it to the chemical action taking place 
between the particles and the receptors. 
Some scientists believe that enzymes play 
a part in smell sensation. 

Each of the present theories has some 
shortcoming and scientists are still search- 
ing for the answer to the riddle of how 
we detect odors and how we differentiate 
one from the other. 

Experiment 9. We think of odors 
usually as agreeable or disagreeable. Did 
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you find any of the five scents in your 
unit unpleasant? 

Most persons would probably place the 
scent of the gray card in the putrid classi- 
fication. It is the odor we associate with 
natural gas. Since natural gas has no odor, 
mercaptan is added as a safety measure 
should a leakage occur. 

Mercaptans are a group of organic com- 
pounds resembling alcohols, but having 
the oxygen of the hydroxyl group replaced 
by sulfur as in ethyl mercaptan: 


C,.H;0H C.H;SH 
ethyl alcohol ethyl mercaptan 


In what groups would you include the 
other four scents? 

Familiar substances in each of the 
groups are 


Group Familiar Substance 

Camphoraceous Moth Balls 

Musky Angelica root oil 

Floral Lilac 

Pepperminty Mint 

Ethereal Dry cleaning fluid, 
oil of lemon 

Pungent Vinegar 

Putrid Mercaptan 

Resinous Turpentine 

Spicy Cinnamon 
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OLFACTORY THRESHOLD 


Some persons are more sensitive to odors 
than others. The point at which the mini- 
mum amount of an odorant becomes dis- 
cernible 1s called the olfactory threshold. 
The olfactory threshold varies with the in- 
dividual and with the particular odorant 
substance. 

Experiment 10. Take four small wads 
of absorbent cotton and place each in 
separate small containers, such as juice 
glasses or custard cups. Number the con- 
tainers 1 through 4. 

Use vanilla extract or other extract as 
the odorivector. 

Dilute the extract in the proportions 
shown below. Use only % teaspoon of the 
solution in each container. 


#1 100 parts extract: 0 parts water 
(full concentration) 

#2 50 parts extract: 50 parts water 
or 4 teaspoon: 4 teaspoon 

#3 25 parts extract: 75 parts water 
or 4 teaspoon: % teaspoon 

#4 12.5 parts extract: 87.5 parts water 
or % teaspoon: 7% teaspoon 


Note that the odorant concentration is 
reduced by one-half in each step. This is 
because biological sensory responses in- 
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crease logarithmically rather than linearly 
and a geometric or logarithmic scale is 
necessary. 

Place ¥% teaspoon of the solutions on the 
cotton in the containers and cover them. 

Perform the experiment in a well-vent- 
ilated room with no background odors. 

Sniff each of the contents allowing sev- 
eral seconds between each sniff and write 
down the number of the container in 
which you first detect the odor of the 
extract. Ask several of your friends to do 
the same and compare your threshold with 
theirs. 

Note that the results of this experiment 
provide a comparison of thresholds but 
not a precise measurement of them. To 
make such measurements much more ac- 
curate equipment is required. 

Do you find much variation in thresh- 
olds among your friends? 

Repeat the experiment with various sub- 
stances and note the differences in thresh- 
olds and observe which require higher 
concentrations than others to achieve an 
olfactory response. 

Experiment 11. Perform the experi- 
ment in the kitchen while dinner is being 


prepared. What happens to your olfactory 
threshold? 
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Warm some vanilla or the extract you 
are using for this experiment (when no 
other cooking is being done) so that the 
kitchen is permeated with its odor. Then 
test your olfactory threshold for the same 
substance. Is it affected? Can you smell it 
at all? 

Similar background odors inhibit olfac- 
tory threshold levels, while dissimilar 
background odors enhance threshold de- 
tection. 

Experiment 12. Chew gum just before 
testing your olfactory acuity. What hap- 
pens to your sensitivity? 

Chewing gum, smoking or a head cold 
and other conditions that affect the nasal 
passage dull the sense of smell. The physi- 
cal condition of a person also affects his 
olfactory sense. When he is very hungry, 
his sense of smell is keener than after he 
has had a heavy meal. 


Show this is so by experimentation. 


Because of the variety of factors affect- 
ing the olfactory receptors, precise thresh- 
olds are difficult to establish. 


ADAPTATION 


You have probably noticed that the 
fragrance of flowers or the aroma of bak- 
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ing cake filling a room soon disappears if 
you remain in the room. This phenom- 
enon is due to adaptation to smell. When 
the olfactory receptors are continually stim- 
ulated, fatigue sets in and they fail to 
respond. If the stimulus is removed by 
stepping out of the room, the scent is 
again perceptible on reentering. Only a 
short rest revives the olfactory nerves. 


Experiment 13. Break the surface of 
your peppermint card. Sniff the scent for 
several minutes continuously, noting the 
time when you start and the time when 
the fragrance disappears, or when you 
have become adapted to the odor and can 
no longer smell it. 


Have several of your friends do the ex- 
periment noting the time taken for adap- 
tation. Do some persons continue to de- 
tect the scent, no matter how long they 
sniff the fragrance? You will find that 
adaptation differs from person to person. 


Experiment 14. Repeat the experiment 
with another of your scents. Does it take 
longer, shorter or the same length of time 
to become adapted to this one? Compare 
the time required for adaptation to your 
other scents. 


The olfactory organ becomes readily 
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adapted to most scents, but the length of 
time taken to become adapted to them 
varies. People soon become adapted to 
the odors, pleasant or unpleasant, asso- 
ciated with their work. 


Experiment 15. Smell the vanilla ex- 
tract in container #1 used in your pre- 
vious experiments, until you have become 
adapted to it. Then quickly sniff your 
threshold specimen. Can you smell it? 


A person’s threshold sensitivity is de- 
creased when he is exposed continuously 
to an adapting stimulus. 


Experiment 16. Smell an orange con- 
tinuously. Does it take only a short time 
to become adapted to it? A strong stimu- 
lus completely exhausts receptors in a few 
minutes. Adaptation is thus related to the 
vapor pressure of a substance. 


PSYCHOLOGICAL FACTORS 


Like the sense of taste, the sense of 
smell depends upon the previous experi- 
ence of a person. It is a preconditioned 
reflex. If a certain odor is associated with 
a childhood experience, the same smell 
will evoke a pleasant or unpleasant re- 
sponse depending upon whether the ex- 
perience was associated with a happy or 
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unhappy experience. 


The olfactory sense is completely sub- 
jective and no mechanical means can 
depict a person’s reaction to a certain 
fragrance. It is a learned experience. As 
children we are taught by our parents 
what odors are to be considered agreeable 
and which disagreeable. Thus, our appre- 
ciation of many odors depends upon the 
country and environment in which we 
were raised. This is especially true of 
foods. The odors of cheeses and garlic may 
smell good or bad depending upon a 
person’s olfactory education. 


Because of emotional, associational and 
other psychological influences, reactions to 
odors are rarely objective. Many reactions 
to odors are subconscious. 


Experiment 17. When you smell vari- 
ous substances, notice whether any of them 
bring back memories of past events. Odor 
memories are very lasting and a single 
sniff of a fragrance may cause you to 
recall a supposedly forgotten incident. 


When a person smells an object, he 
usually relates it to some known substance. 
When you sniff the cards in your unit, 
you identify each scent by likening it to 
the odor of another substance. You may 
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say, it smells like a lemon or like cedar. 
However, if you did not know the odor 
of lemon or cedar, you would have a very 
difficult time describing the fragrance 
other than pleasant or unpleasant. 


The emotional impact of a smell is an 
important factor in various trades. The 
manufacture of perfumes is based on it. 
Second-hand car dealers may give their 
cars a “new car odor” to influence the 
buyer, while makers of imitation leather 
provide their products with a real-leather 
smell. 


Think of other ways in which odor is 
used for its psychological effect. 


ODOR CONTROL 


As we are all aware, odor modification 
plays an important part in our daily lives. 
Odors are modified in many products, 
especially cosmetics. Soap which consists 
of fatty acids has a slight fatty odor which 
is masked by adding a perfume. 

Air fresheners are a common _house- 
hold item. They modify odors in the air 
by masking, neutralizing the odorant, 
temporarily anesthetizing the olfactory 
receptors or by chemical combination. 


Experiment 18. Any odor may be 
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masked by a stronger one. Place a half a 
teaspoon of vinegar in a dish and add a 
teaspoon of vanilla extract. Note that you 
have masked the odor of vinegar and you 
can smell only the vanilla. 


Check the soaps in your home. You 
will find that all of them are masked by 
some perfume or other scent. 


The study of osmics is gaining new 
importance as people become more con- 
cerned with odor pollution of our environ- 
ment. 

Since odors are airborne, they may come 
from anywhere and go anywhere, ahd 
if diluted in water, they may travel miles 
away before being released by temperature 
or concentration changes. 


To counteract the unpleasant odors 
from such sources as food processing 
plants, polluted waters and smoke stacks, 
much more must be known about the 
chemistry of odor and how our receptors 
react to them. 

Perhaps the oldest method of removal 
of odors from the air is air washing. Par- 
ticulates or vapors are removed from the 
air with instruments, saved and later ex- 
tracted if they can be reused. 


Absorption by solution in water, oils or 
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salt solutions, and adsorption to particulate 
matter are two other methods. 

Direct combustion of odorants is also 
used. As most of the vapors in gases con- 
stituting odors are organic compounds, 
they can be oxidized completely at high 
temperatures into odorless carbon dioxide 
and water. The same results can be ob- 
tained at lower temperatures by using a 
catalyst. The process known as catalytic 
combustion is being applied to the control 
of emissions from the exhaust of auto- 
mobiles. 

Many of the odorants are diluted in 
water and poured into the rivers and 
waterways at subthreshold dilutions. But 
a mixture of various odorants of sub- 
threshold concentrations can become added 
together and result in a distinct odor. 

Some combinations of subthreshold 
odorants produce synergism or an intensi- 
fication of an odor. 

Studies such as these are of practical 
importance in the field of water pollution. 
There is much yet to be solved in the 
field of osmics and with the increase in 
population it has become of much greater 
concern to everyone. If you wish to pursue 
the subject further, the references below 
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Physiology textbooks 

The Chemical Senses, R. W. Moncrieff, 
Leonard Hill, London. 

Molecular Basis of Odor, John E. 
Amoore, American Lecture Series, Charles 
C. Thomas Co., Springfield, Illinois. 

Recent Advances in Odor: Theory, 
Measurement and Control, Harold E. 
Whipple, Editor, Volume 116, Art. 2, Pp. 
357-746, The New York Academy of Sci- 


ences, New York. 


(Scents: Yellow, lemon; brown, cedar; 
lavender, lilac; green, peppermint; gray, 
natural gas.) 


Appreciation is expressed to Dr. Robert 
J. Highet, National Institutes of Health, 
for reviewing this booklet. 


THINGS of science 
THE SENSE OF SMELL 
Science Service Washington, D. C. 20036 


SPECIAL SUMMER OFFER 
of Back Units while supply lasts. 
$1.00 each or three for $2.50 


Gravity 

Simple Machines 
Electricity 
Curves 

Color Vision 
Sextant 

Optical Illusions 
Fossils 
Polarized Light 
Plastics 
Humidity 
Measurement 


Send order with remittance to: 


THINGS OF SCIENCE 
Dept. 5-71 
1719 N Street, N.W. 
Washington, D. C. 20036 


* * * 


Gopsececce cut out label on other side and paste on box -+:-----:- 
THINGS of science MEMBERSHIP 
12 monthly experimental kits—$9.50 
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